Introduction
Ground-based gamma-ray astronomy relies on the detection of particle cascades initiated by the interaction of gamma rays with the Earth's atmosphere. Two techniques have been successfully applied to observe these cascades known as Extensive Air Showers (EASs):
1. The detection of the Cherenkov light emitted by the relativistic EAS with optical Imaging Atmospheric Cherenkov Telescopes (IACTs).
2. The detection of the cascade particles with an array of particle detectors at a high altitude site. Figure 1 illustrates these two techniques. They complement each other in the way they observe the gamma-ray sky. On the one hand, IACTs are pointing instruments with a typical field-of-view limited to a few degrees and a duty-cycle of 10-20%, while particle detector arrays have a very wide field-of-view (∼ 90 • ) and a roughly 100% duty-cycle. On the other hand, since particle detector arrays rely on the EAS particles arriving at ground level, the energy threshold is higher and the accuracy with which the energy and direction of the primary gamma ray can be determined is typically less than with IACTs which observe the development of the EAS in the atmosphere. In the northern hemisphere, the High Altitude Water Cherenkov Gamma-ray Observatory (HAWC [1] ) has been observing the sky over the last few years, and recently the Large High Altitude Air Shower Observatory (LHAASO [2] ) has started operations. Both of these observatories use (mainly) the water-Cherenkov detectors technique to measure the air shower particles at ground level and will continue to survey the northern sky in the coming years. However, no such facility has ever been operated in the southern hemisphere, leaving a key part of the gamma-ray sky unobserved by this technique. An international collaboration of scientists recently joined forces in order to develop a detailed plan for a next-generation facility of this type in the southern hemisphere under the name Southern Wide field-of-view Gamma-ray Observatory (SWGO). In this contribution, the science case for the observatory is briefly summarised and we introduce the recently founded collaboration and its plans.
Science with SWGO
The observable sky for SWGO is illustrated in Figure 2 together with some of the prime target astrophysical sources.
The scientific case of this future facility has been recently explored in great detail, which resulted in a scientific 'white paper' [3] supported by a large number of scientists (>100). Here we will give a brief overview of the science case, but refer the reader for more details to [3] and the dedicated contribution at this conference [4] . To perform different science case studies, the response of an observatory was simulated with performance parameters from HAWC [1] that were scaled by the use of MC simulations of EASs to a significantly larger array at a higher altitude of 5 km above sea level.
Compared to the southern IACTs, the current-generation High Energy Stereoscopic System (H.E.S.S.) and the future Cherenkov Telescope Array (CTA [5] ), SWGO has the potential to exceed their point-source sensitivity at the high-energy part (∼ 30 TeV)of the gamma-ray spectrum. This is a direct consequence of its ∼100% up-time and large effective area. This will enable a deep unbiased survey of a large fraction of the Galactic plane to search for (very) hard spectra gammaray sources. This survey will lead to the identification of candidate astrophysical sources that can accelerate particles up to PeV energies. The observations of SWGO, in combination with followup and contemporary observations by CTA and neutrino telescopes such as KM3Net and IceCube, will provide together unprecedented insight into the physics of cosmic particle accelerators.
The point-source sensitivity is a way to compare observatories, but does not convey the full scientific potential, especially the measurement of (very) extended emission regions is not captured well by this figure of merit. Mapping of gamma-ray regions that extend over more than several degrees on the sky is one of the main objectives for SWGO. Its wide field-of-view will provide for an extremely accurate determination of the background (typically < 10 −4 ), which is crucial to observe faint emission extended over more than multiple degree angular scales. The southern sky contains the most interesting known extended gamma-ray sources, namely the Galactic Centre region and the Fermi Bubbles. In addition, there is high potential to discover 'halos' of gamma-ray emission around evolved sources, as HAWC did for two nearby pulsars [6] . These are systems that provide a unique probe of electron propagation. Such sources the ones in the vicinity of the Earth will be very extended and likely to appear at high Galactic latitude which makes them an ideal target for surveying instruments such as SWGO.
The combination of good sensitivity for extended and high-energy sources will in particular benefit the hunt for a potential gamma-ray signal of annihilating dark matter accumulated in the inner part of our own galaxy. It is expected that the sensitivity in terms of the average weighted cross-section will be at a similar level at that reached by CTA, but shifted towards higher mass dark-matter particles [7] . Therefore, the dark matter mass reach over which a thermal-relic cross section can be ruled will be expanded to a higher mass range. The high up-time and wide field-ofview also makes SWGO a monitoring device for variable and transient astrophysical phenomena. Most of the known TeV variable and transient phenomena are of extra-galactic origin, such as gamma-ray bursts (GRBs) and flaring active galactic nuclei (AGNs). Since the mean free path of gamma rays decrease significantly with energy above hundreds of GeV, due to interactions with intergalactic radiation fields, the sub-TeV sensitivity of SWGO is of paramount importance. This will partially be reached by deploying it at a high altitude site, but also by increasing the size of the array and improving the sensitivity of individual detection units with respect to HAWC. With the anticipated improvement for the 'straw man' design used in the science case white paper [3] , SWGO will be able to detect (bright) GRBs and monitor the activity of tens of AGNs and issue alerts to be followed up by other observatories. One other advantage of SWGO is that it will be possible to look into archival data and search for potential gamma-ray counterparts for observations made by other contemporary observatories on all time and angular scales.
The combination of HAWC and/or LHAASO data with cosmic-ray observations from SWGO will permit a nearly all-sky observation of the cosmic-ray anisotropy, connecting the propagation of cosmic rays to the structure of the local heliospheric and interstellar magnetic fields [8] . In the immediate solar neighbourhood, SWGO will play a primary role in investigating the production of VHE gamma rays produced in cosmic-ray interactions with the solar atmosphere [9] , since few existing and planned TeV gamma-ray detectors can monitor the Sun. Observations of the Sun by SWGO will constrain the production mechanism of these gamma rays and its relationship to the solar cycle, which are currently unknown [10, 11] . Finally, measurements of the "shadow" in the flux of Galactic cosmic rays created by the Sun will provide an independent probe of the magnetic fields near the Sun and in the interplanetary environment [12] .
Research and Development collaboration
By signing a statement of interest (SoI) on July 1st 2019, 41 institutions from nine countries have formed a collaboration with the intent to pursue research and development towards SWGO (see www.swgo.org for more information and Figure 3 ). This new collaboration is a step forward beyond the existing SGSO alliance, LATTES [13] and STACEX projects, and the initial duration of the R&D programme is agreed to be three years. The objective is to have a single full design and proposal at the end of the R&D programme. Individual scientists not affiliated with a member institution of the SWGO collaboration can on request become supporting scientists, welcome to join any of the working groups, with full access to programme-internal information. The execution of the R&D program is overseen by a steering committee consisting of national representatives. The following working groups are being established:
• Science case development
• Simulations, analysis and array optimisation
• Candidate site evaluation
• Detector design and development
• Outreach
The concept for the future observatory is as follows: A gamma-ray observatory based on ground-level particle detection, with close to 100% duty cycle and order steradian field-of-view, located in South America at a latitude from -30 to -10 degrees at an altitude of 4.4 km or higher. It will cover an energy range from 100s of GeV to 100s of TeV. The detection technique will be based primarily on water Cherenkov detector units, with a high fill-factor core detector with area considerably larger than HAWC and significantly better sensitivity and a low density outer array. There will be the possibility of extensions and/or enhancements. The design will be modular and scalable and the observatory will aim for a target cost of e40-50M. The effort will be organised as a collaboration, constructing the instrument and exploiting the scientific data together. Figure 3 : The countries involved in the international SWGO R&D collaboration. In total, the collaboration has already over more than one hundred members.
Software development for array simulations
Currently a common software framework is under development, hosted for collaboration members on www.gitlab.com and will be publicly available in the near future. This framework is being developed based upon that of HAWC to speed up the development phase and compare performance. The software has been adapted in such a way that different detection unit designs can be compared easily in several array geometries. For more information see [14] at this conference. As an example we show the response of a conceptual array of two gamma-ray events. The 200 GeV gamma-ray example illustrates the large spread of particles which is typical for these sub-TeV air showers [15] . This emphasises the need for a large array with high ground coverage in order to optimise the low-energy response of the observatory. The 2 TeV example shows the potential to reconstruct at this intermediate energy the properties of the gamma rays with high accuracy.
Site Search
In recent years several site locations have been identified that fulfil the boundary criteria on altitude and latitude of the observatory. These sites are located in Argentina, Bolivia, Chile, and Peru and have been visited by individual members of the collaboration. The goal is to characterise these sites in detail such that at the end of the three years R&D phase a decision can be made on the final location of the observatory. There are several aspects to consider that will influence the observatory design, such as the annual temperature profile, the vicinity of nearby water resources, and availability of existing infrastructure.
Conclusion
The recent survey of the TeV gamma-ray sky in the northern hemisphere conducted by the HAWC observatory has revealed many interesting new sources and both LHAASO and HAWC will continue this survey in the coming years. In the southern hemisphere, which hosts many interesting astrophysical targets, a new observatory is being planned to reach almost full sky coverage with this technique and a new collaboration was created to organise this effort. This facility will be in close scientific coordination with CTA, recognising the synergy and complementarity between these instruments. It will monitor the southern sky for transient phenomena and be embedded in the global multi-messenger and multi-wavelength network. With its wide field-of-view it will map out extended regions of emission with unprecedented sensitivity.
